Agrobiodiversity contributes to food security, increase productivity, economic returns and provides social, cultural and ecological functions. The present study aims to investigate the factors associated with agrobiodiversity conservation, with respect to the rice varieties in the Barak valley of Assam, India. Barak valley has high ecological and genetic diversity, and is one of the important regions of NE India in terms of agricultural productivity. More than 80% of the people of the Valley depend upon agricultural activities for their livelihood. Fieldwork included semi-structured interviews, visit to crop field (inventory) and survey to households to register seed exchange network, socio-economic characteristics and other factors influencing agrobiodiversity conservation. We used correlation analysis to know the association of various factors. Thirty six rice varieties were found to be traditionally conserved. Indegee refers to the number informants inform someone's name when asked about their shareholders. For example, one informant name was informed by five people when asked to list the name of seed givers or receivers, then the informant would have an indegree of five. It was found that Farmers who had higher indegree conserved more traditional varieties than those farmers who had less indegree. It can be hypothesized that conservation of traditional varieties is related with various co-relating factors. Our findings will surely contribute to the conservation of genetic resources. Establishment of seed bank and application of vermicompost technique are suggested to check genetic erosion and fulfill the inadequacy of organic fertilizers.
Introduction
Rice is world most used food crops, specially grown in humid tropical regions of the world, with favorable temperature range of 10-30°C. India harbors a large number of rice species because of its diverse climatic and geographic conditions. Many of the rice varieties are limited to the Gangetic plain of northern part of India. National bureau of plant genetic resources (NBPGR) identified about 2000 local landraces from major rice ecologies from North-Eastern India (Hore, 2005) . Local farmers in general, practice traditional varieties based on the knowledge of the quality of rice varieties and their adaptation in various agro-ecological systems (Das and Das, 2014) . However, during the latter half of the 20 th century, intensive agriculture for increasing crop yields to meet the growing demand for food has led to degradation of the natural resources upon which agriculture depends, viz., soil, water, and natural genetic diversity.
From the last few decades biotechnological solution to increase food production has been increasing tremendously. As a result, farmers are motivated to use hybrid and high-yielding varieties at the cost of traditional varieties. Researchers, therefore, have highlighted the importance of in situ conservation as a balancing approach of ex situ conservation to tackle genetic erosion (Oldfield and Alcorn, 1987; Brush, 1991) . In situ conservation not only help in reducing genetic erosion through conservation of varieties but it also increases the germplasm as it allows species to adapt with the environmental change (Altieri and Merrick, 1987) . It also makes the sustainable environment as the traditional varieties are less dependent on allochthonus inputs like pesticides and fertilizer (Prescott-Allen and Prescott-Allen, 1982; Altieri and Merrick, 1987) . In situ conservation of Agrobiodiversity has a tremendous historical and cultural significance (Cox, 2000; Maffi, 2002) . Most importantly, it bridges the community through exchange and marketing the seeds and seedlings.
After the Convention on Biodiversity (CBD, 1999) held at Reo De Janeiro, in situ Agrobiodiversity conservation is now being incorporated in the governmental policies. Some of the important researches on in situ conservation of agrobiodiversity and its role on conservation of plant genetic resources are Agelet et al. (2000) , Sunwar et al. (2006) , Perrault-Archambault and Coomes (2008) , Calvet-Mir et al. (2011) , etc. Previous researchers have highlighted the importance of seed exchange in the home-gardens as conservation of plant germplasm (Calvet-Mir et al., 2012) . A few researchers have stated that markets can trigger genetic erosion as local varieties are substituted by high-yielding varieties (Bellon, 2004; Stromberg et al., 2010) . Previous researches suggest that the seed exchange and knowledge are transmitted together (Acosta-Naranjo and Diaz-Diego, 2008) . The present study focuses on conservation and management of traditional rice varieties, and importance of exchanging them, and hypothesizes that traditional varieties conservation depends on various factors. We focus on traditional rice varieties conservation because these varieties are going to less important to study areas and many researchers have highlighted the importance traditional practices that can contribute to conservation of plant genetic resources (Altieri and Merrick, 1987; Oldfield and Alcorn, 1987) .
Methodology

Study Area
Assam (Choudhury, 1989 (Choudhury, , 1997 . 
Sampling design and data collection Sampling Design
At first we did a pilot survey in south Assam and then selected two villages depending on both potentialities of agriculture and forested area. Data collection from those selected villages included the inventory of 100 households, and a survey conducted with farmers (100) whose primary occupation is farming. We excluded those farmers who occasionally do farming. Since, we selected villages after preliminary observation of the villages (pilot survey), the sampling is realistic for our objectives. Also, our objective was what are those factors influencing the traditional varieties conservation, not how much influencing, so, selected 100 farmers for seed exchange network is not an underestimation or an overestimation.
Data were collected from the two villages. We tried to reach every farmers household so that seed exchange network could be identified. The study was carried out from June 2015 to April 2016. Data collection included semi-structured interviews, field inventories and structured interviews.
Semi-structured interviews
We interviewed with selected 100 farmers belonging various age groups. We asked the traditional rice varieties which were cultivated, their source of seedlings, conservation practices, and size of crop field on which they cultivated paddy.
Inventory
The agricultural fields were visited in all the seasons of paddy cropping, Kharif (AprilJune) and Rabi season (November-January), and observed the rice varieties which were cultivated. The farmers were asked to accompany and tell the vernacular name of the species. Photographs documentation of the species were made. Vouchers of all species were deposited in the herbarium centre of the Environmental studies, Udhay Group of Institution, Hailakandi, India.
Survey and data analysis
We conducted a questionnaire with those selected100 farmers. In Barak valley, farmers perform agricultural activities either on their own land or others on lease basis. Most of the land owners are unaware of the varieties grown in their fields, which are actually done by the farmers. Therefore, our target group for the questionnaire was farmers. The questionnaire was performed followed Calvet-Mir et al. (2011) . The questionnaire was divided into four sections. In the first section, we compiled information about the socio-economic status of the farmers, including age, gender, and number of years they have been farming. In the second section, we asked about sources of seeds and seedlings. In the third section, we asked about the seed and seeding exchange network. In that effort, we asked farmers about their seed exchange network. Specifically, we asked the farmers the name of persons to whom they share seeds and also persons from whom they obtain seeds (Calvet-Mir et al., 2012) . After all the names were listed, we asked informants to furnish other details the sex, age, and place of residence of all the people listed. In the last section we asked about the use of fertilizer.
Socio-economic status among the farmers is assessed on the basis of criteria such as land size, number of cattle owned and number of literate in the family, roofing pattern (Das and Das, 2014) . The informants were asked about the uses of fertilizers. Rice production was classified as organic and inorganic. Organic rice was that in which was produced by using manure or other organic products as the main fertilizers and use of physical and mechanical techniques to control weeds and pests. Inorganic rice was those where chemical fertilizers were the input. The farmers were classified into small scale farmers (cultivating five or less than five acre), medium scale farmers (greater than five but less than ten acre) and large scale farmers (greater than ten acres). We then calculated four network measures: (1) size, or number of actors in the network; (2) number of components, (4) network centralization index, or the tendency of a few actors in the network to have many links (expressed in percentage) and (1) indegree of a seed exchange network. Indegee refers to the number informants inform someone's name when asked about their shareholders. For example, one informant name was informed by five people when asked to list the name of seed givers or receivers, then the informant would have an indegree of five (Calvet-Mir, 2012) To measure the seed exchange network, centrality and indegree, we created a column in questionnaire as shareholder (seed receiver or seed donor). The informants respond was written numerically from the serial number of informant's name. For example, we surveyed hundred households and their name were written serially. The informant responds for other seed receiver or donor from the serial number were written as their serial number. We used Spearman Rank order correlation to test the association among different variables.
Results
It has been found that agrobiodiversity conservation is associated with many factors (Fig. 2) . In Spearman correlation analysis, we found a positive association between organic farming and traditional varieties conservation but it was to a certain extent. When size of the crop field increased more than five-six acres, the numbers of traditional varieties were almost same as were cropped in five-six acres. Though the number of traditional varieties were same but organic farming practices declined with increase the size of crop fields (r = -0.54).
It was found that organic farming practitioners were mainly subsistence farmers with an average land size 2.3 acres (SD= 0.90). With the increasing size of the crop land, farmers reduced organic farming (r = -0.54) and they used either both organic and chemical fertilizer (r = 0.58) or only chemical fertilizers (r=0.77). It was found 82% of the respondents had either small or large paddy land or farming as their primary or secondary occupation, 89% of the households had one or more educated member (Fig. 3) . Among them, class one to eighth standard represented 79%, eight to tenth standard is represented by 11%, 5 % members studied up to higher secondary and only 3% are graduates. Majority of household's (65%) annual income is between the 20000-50000 Indian rupees (Fig. 3) . Farmers in the study area cultivate rice as it is the major food crops in the valley. They are less dependent on high yielding varieties. A total of 36 traditional rice varieties documented in the study site (Table 1) , which is higher than other study of the region (Das and Das, 2014) . The landraces are morphologically although similar but genetically different (Saxena and Singh, 2006) and they are also adapted to different agroecological conditions (Das and Das, 2014) . On an average one farmer cultivates 3.04 traditional rice varieties (SD =4.8; SEM=0.13). At most, eight varieties were cultivated by one farmer, whereas lowest number of rice varieties under cultivation is one. Among the randomly selected informants, 74% were small, 21% were medium and only 5% were large scale farmers. Out of 100 farmers, all of them were directly related to seed exchange network (Fig.  4) . On an average, each informant named 3 persons as seed giver or receivers (SD =1.92; SEM= 0.12). About 76% of the farmers practice in their own land while the remaining 24% were landless farmers. Seventeen farmers were found who has no cattle. Two subsistence farmers, although had one cattle each, did not use the manure in the paddy fields. Among the farmers, 34% used organic fertilizer and 49% (majority) of the lands were cultivated by using mixture of organic and inorganic fertilizers. However, 17% farmers used chemical fertilizers extensively in the agricultural fields.
The seed exchange network of selected farmers had a centralization index of 4.54% as compare with pure star network, which will have a centralization index of 100%, meaning that the degree of concentration of seed varieties in the network among the actors was quite low. The network had three independent components (Fig. 4) . That is, farmers were connected with each other in three isolated networks. The largest component included 46% of the actors, followed by 39%, and 15% of the actors. It has been found that the farmers average in degree of 2.9. The farmer who had higher indegree also more seed varieties than those farmers who had lower in degree.
Discussion
Four major findings come out from the present study: (i) Seedling exchange and marketing is active in the valley, (ii) Traditional varieties have positive correlation with organic farming, (iii) Organic farming relies on size of the crop fields, availability of fertilizers, and purpose of cultivation, and (iv) Traditional varieties conservation is influenced by many factors (Fig. 2) .
a) Seed and Seedling exchange
Documentation of seed exchange network is complex (Badstue et al., 2007) , as it is difficult for the informants to state the entire name of shareholders during their lives. They can share only those shareholders who are engaged in seed exchanging in recent years. So, seed exchange network drawn (Fig. 4) does not reflect the actual existence of it. Interaction with the farmers it was found that due to unavailability of traditional rice seeds and seedling in the markets, seed exchange network although still active in area, is being fragmented like in other findings (Bodin and Crona, 2008; Calvet-Mir et al., 2012) . The fragmentation may be due to farmer's preference for high yielding varieties. The seed exchange helping endemic varieties conservation in the study area, as the local varieties are limited access to farmers. Exchanging seed helps endemic varieties has been shown in others studies too (Ban and Coomes, 2004; Badstue et al., 2007 , Stromberg et al., 2010 . The establishment of market has made the farmers less dependent on each other for seeds and other propagules. It was found from the study that farmers exchange seeds among themselves within the villages or from neighboring villages or from relatives. People shared that reliance between farmers for seeds has been declining with the emergence of high yielding varieties.
Seed exchange network was found as decentralized (4.54%) which is very low compared to other related study (Calvet-Mir et al., 2012) . It implies maximum farmers conserve the rice varieties which they need to plant to subsequent years. Since the population density of the study area is more, majority of the farmers were involved in seed exchange network. The average in degree of farmers was more compared to other research works (Calvet-Mir et al., 2011) , and thus conservation status is still not bad. b) Seed Bank Seed bank plays a great role to conserve traditional varieties. Seed bank helps to supply traditional variety which is vital for sustainable subsistence farming (Pratap and Sthapit, 1998) . Centralization helps to conserve both agrobiodiversity and its associated knowledge (Calvet-Mir et al., 2012) . Surprisingly, there had not been no initiative to establish seed bank throughout the valley. Though agricultural offices are available in the study area, but they were not found for conserving traditional varieties. Instead, they the demotivate farmers on traditional varieties. In order to conserve traditional varieties nurturing of traditional seed varieties in the seed bank need to be preferred. The farmer's awareness is also another factor to make the seed bank functional.
c) Organic Farming
Organic farming improves the soil quality besides contributing to agrobiodiversity conservation (Hole et al., 2005; Scialabba, 2003; Scialabba, 2013) . It can be considered that organic farming has good association with size of the crop fields, as has been reported in other studies (Chamango, 2001; Mekuria and Waddington, 2002) . It was observed that majority of the farmers (66%) use mixture of organic and chemical fertilizers. However, inadequate amount of organic fertilizers for the large crop fields forced them to use chemical fertilizers also. Since, organic fertilizers were not available in the local market, the farmers could not maintain the fertilizer corresponds to their cropping areas and hence they were restricted to use chemical fertilizers to increase the yield. Although organic fertilizer users are less (29%) but it is far better than the other group (5%) who used only chemical fertilizers. Most of the organic fertilizer users were subsistence farmers. Zant (2010 Zant ( , 2014 found that subsistence farmers in African countries specially use organic fertilizers and also prefer to cultivate traditional varieties. It clearly supported the farmers above views which are also proved from the present study. Thus, it can be assume that the organic fertilizers have a good association with both traditional varieties and size of the crop fields.
Organic manures were the only organic fertilizers in the valley. Since amount of manure is proportional to cattle's availability (Elzaki et al., 2005; Zant, 2010) , along with organic manure, other organic fertilizers (vermicompost, crop residues and intercropping) need to be made available. Thus, there is need to aware among farmers for vermicompost techniques and intercropping, which needs support from government.
d) Size of the field
As already mentioned, the amount of organic fertilizers used is related to number of livestock of a farmer. It was found that small scale farmers had a few livestock and hence easy for them to use organic fertilizers in their cultivated land. Similar results also have shown in rural areas different regions (Zant, 2010) . Conversely, for obvious reason, large holder could not get the desired quantum of the organic manure in their cultivated land. e) Type of cultivation: Subsistence Versus Commercial It was found that the small scale farmers cropped mainly for consumption purposes in their own land whereas medium and large farmers cropped either their own land or on leased land for both consumption and commercial purposes. Several other results (Arriaga-Jordan and Pearson, 2004; Zant, 2010 ) also showed traditional rice varieties are cultivated mainly by subsistence farmers. When farmers take land as lease, their sole intention is to increase production. It was found that maximum agricultural households in the study area were identified as small scale farmers and they were engaged in traditional varieties for their consumption and not aimed to exploit their products. Though use of inorganic fertilizers and pesticides in the valley had been increasing at an alarming rate due to inadequate amount of organic fertilizers, however, farmers in the valley still prefer organic fertilizers as they think organic products are better than their inorganic counterparts. Besides, being economically challenged, most of the farmers were unable to buy chemical fertilizers.
f) Soil
Soil plays a major role for traditional varieties conservation. Continuous use of soil and inadequate management degrade the soil, changes its structure and reduces fertility (Barrios, 2007 Blum, 2013 , DeLong et al., 2015 . As a result, the soil which supported a variety is now not supporting. For example, in the study area, Chhoeamara, a local rice variety had been cultivated since long, but recently farmers avoid using the variety as the species is not grown well and thereby product is limited. The reason is that excess anthropogenic pressures in the form of deforestation in the hilly areas make soil erosion to the cultivated land which changes the composition, especially increases the sand percentage in the soil.
g) Culture
Cultures also play a diverse role to conserve traditional agrobiodiversity (Ji et al., 2000; Nautiyal et al, 2008; Das and Das, 2014) . The people of Barak valley use Biroin, Kalijira (local rice varieties) to make special delicious food for the guest and relatives as feast during social festival. It was found that most of the farmers cultivate those species at sizeable amount (Table 1) . They also used traditional rice varieties as breakfast food. So, extinction of traditional varieties implies both genetic and cultural erosion at the same time (Negri et al, 2009; Negi and Maikhuri, 2013) .
h) Population density
The most important factor associated with agrobiodiversity conservation is population explosion. Every year 70 million new people are born throughout the world (Folke et al., 2005) , and is projected to grow by approximate 65% in next 50 years (Wallace, 2000; Sauer et al., 2008) putting an extra pressure on natural resources (Alexandratos et al., 2006) . For providing food to all, it's necessary to increase the production to threefour times (Bruinsma, 2003) . The government of India started Green Revolution in the early 1960. As part of this program, the government provided free high yielding varieties and chemical fertilizers at the first phase. This made farmers to cultivate crop with high yielding varieties using chemical fertilizers, instead of traditional varieties and organic farming. But the negative effects of agriculture of chemical fertilizers are already established (Folke et al., 2005; Singh, 2012) .
It was found from the study that the areas where human population density was more, the farmers land size was small and they were cultivating both traditional varieties and high yielding varieties. They cultivated at least few areas for culturally important traditional and the remaining areas for high yielding varieties. Except cultural varieties, tendency of traditional variety cultivation is being declined. Farmer desire is to get maximum output from the small land. They think only use of high yielding varieties can achieve this goal. It is the need of the hour to aware them about traditional varieties and necessity of their conservation, and for this to keep in place, proper incentives from government side should also be made available.
i) Human-Wildlife Conflict
Human-Wildlife Conflict is an important threat to conserve traditional agrobiodiversity. Though it does not occur in every area, but is a crucial problem in areas where mega herbivore like rhinoceros, elephant etc. occur and raid crop. The crop damaged by elephants is a major factor in Asia and African countries. The study area is blatant example where farmers have developed a bent of mind not to cultivate paddy because of wild elephant and pig. Wild elephant often come out at night hours from the Patharia Hills reserve forest and damage the crops (Talukdar and Choudhury, 2017) . Wild pig also affects rice in the area although but this is not to a large extent. Elephants migrate from Patharia Hills reserve Forest to Tilbhum reserve forest and adjoining areas of Bangladesh. Especially they damage rice when it is about to harvest. As a result, farmers often keep their land as barren and therefore, traditional varieties are going to local extinction. This is in practice in the study area since last four to five years (Fig. 5) .
a) Socio-economic condition
Traditional varieties and size of the cultivated fields were found to be related with socio-economic condition of families. Small Poor families have less paddy land, or subsistence farmers and practiced traditional varieties with organic fertilizers (Fig. 3) . Larger families cultivated large paddy land (either their own land or lease land), practicing both organic and inorganic; mostly both. Thus, social-ecological linkages function as coemergent properties of changes in both traditional high agrobiodiversity, land use and along with modern cropping intensification and commodity production (Negi and Maikhuri, 2013; Zimmerer, 2013) . Majority of households were roofed with tin, though a few use Imperata cylindrica, Vetiveria zizanoides and bamboo as their roofing material. 
Conclusion
Our findings conclude that conservation of traditional varieties depend upon many correlated factors which must be taken care for conservation of genetic resources. However, limitation in like seed banks and declining seed exchange network, ever-increasing demand for higher food production, human-wildlife conflict was found to be the key factors that may lead to genetic erosion of the rice varieties. Thus, government and nongovernmental organizations should come forward to conserve this high agrobiodiversity of the region by creating seed banks, mass awareness programs on use of vermicompost organic manures and inter cropping on the field. Since Barak valley is one of the largest valleys of NE India, has immense potential for agricultural activities, and harbors high cultural and ethnic diversity, and since no such study on the agrobiodiversity of the region has been undertaken yet, the present study is of immense significance.
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